The decomposition mechanism of zinc ammine borohydride ([Zn(NH 3 ) 2 ][BH 4 ] 2 ) has been studied by density functional theory calculation. The release of B 2 H 6 and BH 3 is predicted to be kinetically and/or thermodynamically unfavorable for [Zn(NH 3 ) 2 ][BH 4 ] 2 , in agreement with experimental results that no boranes were detected during decomposition. The climbing image nudged elastic band calculation and ab initio molecular dynamics simulations indicate the formation of NH 3 BH 3 and B 2 H 7 -intermediates during decomposition of [Zn(NH 3 ) 2 ][BH 4 ] 2 , which is different from that observed for other reported ammine metal borohydrides. The dehydrogenation occurs through reaction pathways involving transfer of hydrides from the Zn cation to BH 4 -or transfer of protons from NH 3 BH 3 to NH 3 .
Introduction
Hydrogen is an ideal clean energy carrier because of its abundance, high heating value per mass and environmentally friendly product of water. [1] [2] [3] Developing hydrogen storage materials with high gravimetric hydrogen densities and favorable
de-hydrogenation/re-hydrogenation properties is one of the key challenges in using hydrogen as an alternative energy source for mobile or stationary applications. 2 Metal borohydrides (M(BH 4 ) x ) with high gravimetric and volumetric densities of hydrogen have received great attention in the past few decades. [4] [5] [6] [7] [8] The experimental and theoretical studies suggest a correlation between the hydrogen desorption temperature and the Pauling electronegativity of the cation (χ p ) of metal borohydrides. 9, 10 The metal borohydrides with low χ p tend to release hydrogen at high temperature. For instance, NaBH 4 , LiBH 4 and Mg(BH 4 ) 2 with χ p lower than 1.3 start to release H 2 at temperature above 300 o C. [11] [12] [13] [14] On the other hand, metal borohydrides with high χ p tend to release an undesired byproduct of diborane (B 2 H 6 ) at low temperatures. For example, Al(BH 4 ) 3 and Zn(BH 4 ) 2 with χ p of 1.6 and 1.65, respectively, are volatile at room temperature and release a significant volume of B 2 H 6 byproduct upon heating. 8, 15, 16 The use of NH 3 The canonical ensemble (NVT) following the Born-Oppenheimer (BO) implementation was adopted. The ionic equations of motion were integrated using the Nose-Hoover algorithm with a time step of 1.0 fs; deuterium mass was used for the hydrogen atom in order to enable a larger time step. The simulated system was initially equilibrated at a temperature of 300 K for 2 ps (2 000 steps). Then, the simulation temperature increased from 300 K to 3000 K uniformly over 40 ps (40 000 steps). The high temperatures used in simulation allowed reactions to be observed within 40 ps. To analyze the fragments during the simulation, we used a bond length cut-off of ~1.3 times of the normal bond length.
Results and Discussion

Formation and Diffusion of NH 3 Vacancy
The transport property of NH 3 Our previous studies about AMBs (seeing Figure 2) 
Direct Release of Hydrogen
As shown in Figure 4a, 
As shown in Figure 5 , the formation of the B 2 H 7 -intermediate through IS1→TS4→FS4
is an endothermal process with reaction enthalpy and barrier of 0.56 eV (0.62 eV at 300 
As shown in Figure 6b , the geometry of TS6 shows that the Zn cation assists the formation of the NH 3 BH 3 intermediate by extracting a hydride from BH 4 -to form the Zn-H ionic bond. The Zn-H distance in TS6 is ~1.55 Å, similar to that in TS4. As shown in Figure 6b , the calculated energy barrier of direct formation of NH 3 Figure 7 and Table S1 . As shown in Figure 7 The MD trajectories show two initial dehydrogenation pathways as presented in Figure   10 and 11. As discussed above, the Zn cation extracts a hydride from BH As shown in Figure 11a and 
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